Abstract. This paper describes the mandatory conditions for training specialists in the widespread and still continuously developing microscopic technique for studying of materials surface. Traditional methods of education are not sufficient for teaching of the multidisciplinary subjects. Available information technologies and resources alone do not ensure learning success. There is need for a conceptual review and analysis of the cases in the sphere of specialists training. Scanning probe microscopy is based on the fundamental concepts of quantum mechanics, physics, chemistry, etc. In this regard, the specialist has to achieve knowledges in the field of science (physical and chemical laws), and at the same time there is necessity to be educated in approaches for the study and description of surface quality.
Introduction
The relevance of this work is based on the need to modernize the educational process, taking into account the rapid dynamics of the development of such areas as scanning probe microscopy (SPM). Important conditions for training specialists in the field of scanning probe microscopy are: strong background in the field of science (which laid the foundations in principles of measurement techniques), continuous study of information technologies, research of modern trends in the development of electronics, practical training in their professional activities.
Scanning probe microscopy is one of the powerful modern methods of studying morphology and local surface properties with high spatial resolution. It is not an exotic methodology of a small group of scientists. It is the widely used tool in many areas where surface quality is crucial. The development of SPM caused the development of new methods in nanotechnology and nano-engineering.
In addition to teaching theoretical knowledge, it is necessary to offer practical training in working with nanotechnology equipment. A well-equipped research center focused on research, modification and creation of structures with high accuracy is a beneficial component in the training of specialists in the field of SPM [1] . Factors for ensuring competitiveness of specialists and success at the national and world levels: equipping with specialized tools for teaching practical skills, supply of special educational and methodical materials, training of teachers.
The subject of the study is professional competence of specialists in the field of SPM and growth of their comprehension in this field to a higher level. Metrological bases of SPM should be also implemented into study process and become a part of complex investigation of the materials' surface. Interdisciplinary technologies that teach the work in nanometer range of object sizes and high accuracy of controlled impacts have great importance [2] [3] [4] [5] [6] [7] [8] [9] . Based on the basic principles, concepts and technology, we describe all aspects from the perspective of practical considerations.
Organization of the Study Process
The goal of the innovative approach to professional education is to create the conditions for training and preparation of competent and qualified specialists which are demanded on the labor market. The passage to a qualitatively new level of education in the sphere of higher education is determined by the promising tasks of modern technologies. The fundamental characteristic of the innovative approach of teaching is the research interest in various phenomena that attract their novelty, the urgency and prospective of development.
The modernization of the educational process for specialists in the area of SPM has a number of specific features. Despite the fact that SPM is a technique of microscopy, the fact is that we can obtain a huge range of surface data [10] [11] [12] [13] [14] [15] [16] [17] [18] . In this regard, the methods of analyzing and interpreting the obtained results are of essential [19] [20] [21] [22] [23] . It is not only about how the surface looks like, but real three-dimensional array of data about topography (or even physical and chemical properties of the samples). The example from leaving nature is presented in Figure 1 . Sometimes preliminary investigation of surface is necessary to fulfill conditions of SPM measurements [24] [25] [26] [27] [28] . Observation of the surface by optical microscopy usually helps to estimate the area of interest for further SPM study. Sometimes, some information about surface could be helpful for organization of measurement process. Presented in figure 1 topography image is optical structure (diffraction grade). So, for estimation and description of the data, the knowledges in optics are important. Interdisciplinary methodological research is able to solve complex of problems and bring such improvements as: to open the possibility for the use of information resources; to direct talented students to research work; to provide necessary re-curriculum of the educational process. Organization of study process should consist of an integrated approach of connected fields, be of practical importance, investment attractiveness, include experimental and research work, cover continuous modernization and updating of the materials.
Structure of Study to SPM
Rate of study to SPM depends on organization of information: logical structuring of educational material in the field of surface research, where the previous topics are the basis for the subsequent. At the same time, the obtained new material reinforces the base of knowledge which was obtained earlier (Figure 2 ). The first component of the training includes an explanation of the principles of SPM methodology (surface-probe interaction), explanation of the advantages and disadvantages of SPM over other types of microscopy. The second stage involves studying the general problems of the measuring instrument, determination of the impact of negative factors on measurement results. The next step is to evaluate the obtained results (prepare the image with good contrast and make visible all important surface features [29] [30] [31] ), which must be processed at the last stage. As a result of the data processing, the expert provides structured qualitative and quantitative information about surface (parameters of topography, mechanical, electrical properties, etc.). Cycling the process provides an increase in the level of knowledge of the experts.
Summary
Systematic, integrated approach and application of progressive forms of training serve as a key to success in preparation of experts in SPM. It is worth to note, that the result of this teaching technique should be efficient, constructive learning process and structured achieving of the goals in studying this area.
In conclusion, methods of analyzing the learning processes themselves should be based on the general scientific methods and innovative pedagogical approaches. Competent treatment and practical orientation are the most important aspects of the teaching to probe microscopy techniques. This will gradually improve the actual abilities of specialists for analyzing specific issues and solving real problems. As well, the open experimental learning modes need constant exploration and research.
